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. Bl ﬁhe following report contains information from various Soviet }

ot S periodicals on the development znd application of minernl-cerumic ;
M

\ cutting tools. | 50X1-HU
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Numbers in parentheses refer to appended sourcesj

Thermocorundum
~D€Imocorunaum

The cooperative work of Soviet specialists in metellurgy, ceramies, metal

cutting, and cutting-tool design has led to the development of high-production

- 8 ond inexpensive mineral-ceramic tool materials. One or these materlals igs
' . thermocorundum, which does not contain tungsten. titanium, or cobalt.

!
{
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;
Research work at VNII (All-Union Scientific Research Tool Institute) and i
practical application at & number of plants have shown great potentials for !
using thermocorundum ucols in machining light und nonferrous metals, and in

finish and semifinish machining of =teel, czst iron end various minerals. }
H
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The following table gives the physical and mechenical properties of var-
ious tool materials including thermocorundunm (Yariznt 15) preduced by VNIASh
(Al1-Union Scientific Research Institute of Abrssives and Crinding)s

50X1-HUM

1

e {
-1 . ;
: :
. CLASSIFICATION SO IDENTIAL o]
T NAWY - | NSRB DISTRIBUTION j : f .
{_Xﬁnv AR | rai N | ‘

DP80-00809A000700150527-9

Approved for Release 2011/09/13 : Cl



]

v ‘ 00: 50527-9 |
Sanitized Copy Approved for Release 2011/09/13 : CIA-RDP80-00809A0007001

r -

S 50X1-HUM

CONFIDENT IAL
B i Physical
@ : %_;7Pr0pert1es ' Mechanical Properties '
N Spe-
: Heat Con- cifie Compres-
¢ . Tool ductivity Den- Rockwell Bending sive
Type of Mate- cal ity Hardness Strength Strength
Tool Material ria] em.sec.0 ¢ zggce7 {scale A)  (ke/sq rm) (kg/sq mm)
) Hardened carbon Eu12 -- -- -- 360 Loo
steel . .
Hardened high- Ri1g8 0.05 8.73 &3 370 380
speed steel !
Tungsten-car-  vk8 0.1k L, s 68.5 140 330 ;
‘ bide hard
2 alloy ;
- !
i Tungsten-car-  T1s5K6 0.065 11.01 g2 115 400 i
- bide-cobalt
hard alloy i
: : |
¥ Mineral-cera- Var- Corundum 375 86-%2 ~30 90-150 i
o nic material iant 0.0055 H
. thermocorun- 1k at 2000 i
b dum produced ;

by VNIASh

Structural car- 45 0.1-3 7.8 - ~ 140 -
bon steel

It has been established through experimentation that the homogeneity and
porosity of thermocorundum tips determine to g large degree their cutting prop-
i ertles. A darkening of the tip after it is rybbed with graphite and a small
. ) o amount of kerosene indicates great POrosity and decreased strength. A tip that
I ! darkens after this test should not be used. Only white thermocorundunm tips
which show no signs of cracks after being magnified 20 times are suitable.

The VNII has done a great deal of work on determining the cutting proper-
“ties of various kinds of thermocorundum tips. The following graph gives the
tool life of 18 variants of thermocorundunm, The 1ife or hard-alloy T15K6 is
also given for comparisons
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Graph of arithmetical mean’ of. life of thermocorundum tips:
Wear of tip, 0.8 millimeters; cutting speed, 120 meters per
minute; feed, 0.17 millimeters per revolutiun; depth of cut,
0.5 millimeters. Material machined: Steel hS, hardness

HB 179‘197' - 2 -
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Experiments at VNII have established that the life of cutting tools with

{ thermocorundum tips in machining steel 45 (ultimate strength: 65 lkilograms per
: square millimeter) is equal to the life of cutting tools with T15k6 hard-alloy

¥ tips, and in machining cast iron of Hp 179-197 hardness, it is equal to the life
of VK8 hard-alloy-tipped tcols.(l)

g Data from various plants on the life of *hermocorundum cutting w:<'s are
: given in Table 1:

CONYID&IlT TAL
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Cutting

Speed Feed Depth of Cut
Hame of Part . Material (m/min) (za/rev) ()
Fluted cylinders, shafts, worm gears Steel 106-145 0.4-0,76 0.75-2.0

Lifting blocks, g-ars, bushings SCh 12-28 202 . 2.5
(in machining skin)

and zzles tocl
cnd axles Steel
and axles Steel L

Steel &

g
g
5
&

Verious parts
Cast iron
e,
Stainless steel
EZn2
Steel ks
KnvGe
Steel U10A

Steel 30 50X1-HUM
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Table 2
in machining
ing under the

;{i;’:: Si:‘i‘ g:mpiled bydB. M. Ganfel'd on custing conditions used
t ernocorundun tools. The aver:es +ool
se conditions ig 20-75 minu",els. TeaE ook Life n machin-

Table 2
Sultin~ Ponditions .
Machine Speeid Feed
e ) il ed Depth of Cut
terias Tool RPM (o)) (ma/frev) {inm)
Steel 3 162 1200 10 0.24 1.5
1ab2 1200 050 0.30 1.5
DIP 300 B0 135 _ 0.3 5.0
Steel 45 1A62 250 537 0.20 -2 :
Steel 45 1A62 1200 278 0.35 2.0

DIP 300

5Ch 15-32 1i62

630

Mips, Hod:l 02 No 0225 0231. GOST H270-h0, are

i ti ( any beling manufast, in
sacies production.(a) & 1fastared irn
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Microlite

Basically, microlite [Enother type of mineral-ceramic metal-cutting mate-
rial/ is composed of aluminum oxide. Natural aluminum oxide known as corundum,
16 exceptional for its high degree of hardness and high melting point, However,
artificial sluminum oxide, obtained chenically from bauxite, is used in the pro-
duction of corundum items.

In developing microlite as a cutting material, various corundum materials
¥ere studied with optical and electronic microscopes. It was found that the mi-~

terials sueh as themocorundum, "zinterkorundum" [;mtered corundum?7, ete. 1In
microlite, the crystals are very compact, the intercrystalline layer is very !
thin, and the crystals themselves break down easily. The average size of a mi- ’
crolite erystal does not exceed 3 microns, Other corundum materials are made up
of comparatively large crystals (15-100 microns and even larger) which are not
closely packed and have a notably thick intersrystalline layer.

In testing microlite cutting tools at the TsNIITMASh (Central Scientific :
Research Institute of Technology and Machine Building) at a cutting speed of 150 i
meters per minute, one of the tools lasted for L3 hours, while the average life
of the tools in this group was 26 hours. The life of a TL5K6 hard-alloy cutting
tool is only 3-5 hours.

Because of the brittleness of microlite, the cutting tools must be ground
2t low speeds and all impacts must be avoided. Microlite cutting tools must be
ground with carborundum abrasive 'heels at a speed of 1.5-3 meters per second
and with continuous vetting with an aqueous solution of soda. This solution re-
duces the hardness and speeds the grinding process.

The grain size of the wheel must not exceed 60-80; even a finer grain, which §
would produce a better quality of cutting edge at slightly lower grinding speeds,
would be preferable. Grinding in stages is recommended where rough grinding is
to be done with a vheel of 40-£0 8rain size, or fine grinding with a wheel of
80-100 grain size. During grinding it is absclutely necessary that the vwheel :

) rotation be directed toward the cutting edge of the blade; otherwise, its cutting
~" - edge may be chipped.

It must be emphasized that microlite cutting tools must be lapped. Only in
eXtreme cases can this lapping be replaced by grinding with a fine abrasive
. : wheel (100-120 grain size). Microlite tools can be lapped with any lapping paste
- or abrasive powder of 200-320 grain size.

When microlite came into use for metal-rutting tools, the problem of fasten-
ing it to the tool shank arose. It was found that the new material would not )
adhere satisfactorily to metal with ordinary metal solders {brass, copper, ete.).
Mierolite will, however, combine with a mztal or elloy if it is metalized.

of 1,400-1,550 degrees Eentigrad_g7 for iron fetalization and 650-800 degrees for
silver. The ceramic specimen can ther be soldered to metal by the ordinary method.

Another method of fastening microlite tips on tool shanks is by an assort-
ment of special binders. These binders ‘can be organic or inorganic compounds.
Among the organic binders is the well-known adhesive, carbinol BF-2. A layer of ;
this adhesive is applied for fastening the parts, after which heat treatment at i
120-150 degrees takes place. Organic binders Join the microlite and metal firmly,
but the heat resistance of such a Joint does not exceed 70-80 degrees.
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Among inorganic binders that can ha pged are various silicate cements. ;f
Faatening with silicate cements ic possibie with or without heating. t

Soldering microlite vith glass cemens
Principle from ordinary solderi
glass cement is ap;

are fitted and heated to 850-900 degrees.

utes and a ¢rzhact and sufficientd
takes plar_,

(stekictsement) does not differ in
ng vith copper or brass solders. A powder of
e holder where the aicrolite tips
The glass cenent melts in 510 min-
Y strong joininzof the metal and microlite

The new tool materia: has already fcund applicavion in other branches of
industry. For exXample, .uicroiite 1g uged succescfully for dies in the het
pressing of meials. ..: rnstrument building, it is used instead of the ruuy.

Since 1951, microlite as & metal-cutting material has been known in in- i
dustry as TsM-332.(3)

New mineral -ceramic cutting tools have been &
ing operations in turning tearing rings at the Mo
The tests show that they are completely sat

ested on a number of finish- ;
scow First State Bearing Plant. !
isfactory for these operations.

Mineral-ceramic TeM-332 t1ps, model 0225, produced by the Moscow Hard ALl-
loys Combine, were used in the_tests, Tpa wechenical properties of this mate -
rial are as follows: [Rockwe?

-‘_;_7 hsrdress (sScale A), 86-92; bending strength,
30 kilograms rer square millimet

vEr'; compressive strength, 90-150 kilograms per
square millimeter.,

Boring and form tools Were manufactured by fastening the ceramic tip with !
BF-L adhesive, with a solder made of MKNTI (Moscow Ins:itute of Chemical Tech-
nology imeni Mendeleyev) glass cemernt, or by mechanical fastening. Before fas- ;
tening, the recess of the tool shank wag waghed wish acetone and gried.

In using adhesive BF-4, the surfaces Of toe ti1p and the recess of the i
teol were equally covered with & thin layer of this wdhesive and dried for 10-15 H
minutes at room temperature. The ~dhesive was guin applied to each item and
the two parts were clamped together. The cutting tool was then placed in an :
e;ectric furnace with a temperature of 160 degrees for 30 minutes.

In using the glass cement solder, the tocl shapk with its tip was heated
in an electric furnace to 800 degrees, which is Lhe m2luing point of glass ce-
ment. After the glass cement had melved, the t¢ol was removed from the furnace
and placed on an asbestos et to cool. When 1i- hsd ccoled, the overflow of
glass cement was cleaned off 1ts surface.

The mineral-ceramjc cutting tools were ground with vheels made of green f
silicon carbide, 60 grain size, 3M2 hardness, at a wheel speed of 25 meters
Per second, using a coolant. After grinding, <he tools were lapped with g
boron carbide .paste, 200-250 grain size. on cast-iron lepping aisks ot a’disk
speed of 2 meters per second.

The mineral-ceramic cutting soole were tested 1in machining the inner cham- :
fer of outer ball-bearing rings sad boring the holes of bearing rings made of
steel ShKhl5, The rings were held in pneumatic ¢ollet chucks. .

Preliminary machining of rings was done on multispindle automatic lathes
and the face of the rings was ground on surface grinéing machines.

In machining the inner chamfer of cuter rings of bearings 305 on finish-

ing machines, a cutting speed of 220240 peters, pPer minute ané a feed of 0.1-0.2
nillimeters per revolutio:, \Withouy coolant) were used. The life of mineral -
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ceramic tools was 1,000-1,203 rings when the entire length of the cutting edge
was used, whereas the life of cutting tools with T5KIO hard-alloy tips under
the same conditions ig only 600-700 rings.

The,'fbools produced a well-finished and mirrorlike surface.

wity normal dulling, the ceramic “ools did not need regrinding; only lape
ping vitp a cast-iron disk was necessary.

In bperation, the cutting tools showed geod results. There was no shear-
ing action during the cutting process.

The use of tools with mechanically fastened mirneral -ceramic tips is con-
sidered the most expedient becauze a saving in mrterial for the tool shank can
be effected, grinding of the tips is simplified, ad the time required for
changing a dull tool {5 shortened since cnly the ceramic tip needs to be changed.

In boring the outer rings of bvall bearings type 204 and 203, machining
was done on finishing lathes, without coolant, at a cutting speed of 150 meters

Per minute, feed of 0.4 millimeters per reveluticn, and depth of cut of 1.0-1.3
millimeters.

The life of cutting tools with mzchanically fastened mineral-ceramic tips
is 250-300 bearing rings.

The machined surface of the rings corresponds to the fifth class of finish
according to GOST 2789-51.(4)

Effect of Cutting Conditlons on Ceramic Tools

Lomeen

mmr a discussion of the machining of cast iron with cera-
mic tol v ¢ data wnich follows, taien from an article by the same authors,
deals with the machining of steel./

The graph below shows the life of cutting tools made of different tool

materials in turningsteel 45, These materials include R18 high-speed steel;
T15K6 hard-alloy; and $, L-2, TsV-13{1), and TsM-332 ceramic materials.

7
H

<,
$
=
BT
g

[ may

é?

-‘F 1

=y

.8 .

COLFIDENTIAL

e

50X1-HUM

b

(&) B -..T,___,.”.\,w__., S

0X1-HUM




P80-00809A000700150527-9 _

Saitized Copy Aproved for Release 2011/09/13 : CIA-RD

CONFIDENTIAL

Tests have shown that a depth of cyt u

P to 2.9 millineters has compara-
tively 1ittle effect on the life of ceranmic

tools. Up to this limit, the depth
ife of the tools than the feed,

f cut begins to have more effect on
Therefore, the most su!‘able field of use
semifinish machining.

2.5 millimeters, the depth o
the life of the tools than the feed.

of ceramic materials is in finish and

When the ceramic cutting tools of various ma
ent feeds and depth of cut, it was found ¢
pection, in turning steel 45, the tips
lineters at o feed of 1.0 millineters.

terials were tested at differ-
hat in cutting a chip of large cross
will maintain a depth of cut up to 5 mil-

On the basis of experimental results, the following formulas were obtained
for determining cutting speeds:

Materinl Tsv-13

Y30 = -_-—_iéz____
50-2670.03

Materinl TsM-332

20
037 (0.19

vg0

The surface finish obtained with ceramic tools is approximately the same
as the finish obtained with T30K: hard-alloy tools. The surface finished ob-
tained with VKO hard-alloy is considerably inferior.(5)

Methods of Fastening Ceramic To>ls to Shanks

BF2 and BFL adhesives for joining mineral-ceramic and hard-alloy tips to
tool shanks were developed *v the Scientific Research Institute of Plastics
imeni Frunze. The BFh: hus tiven better results than the 3F2.

The BF adhesives Lave grenter heat resistance than carbinol adhesive,

They will maintain a strong Jjoint up to 300 degrees, wheress carbinol adhesive
will do so only up to 70 degrees.

The BF adhesives have g resin base and are soluble in ethyl alcohol.

When tips were fastened with BF adhesives, it was determined that the max-

imum amount of heat was concentrated at the fine surface layer of the cutting

rart of the tool and that the tenperature at the heel did pog exceed 300 de-
grees. (6)

The process of brazing mineral -ceramfc cutting tips to tool shanks by pre-
liminary heating of the tips and subsequent cooling of the brazed cutting tools

in the furnace as it coois produces high-quality cutting tools. However, such
4 method is rather labor consuming.

In a new method of fastening the mineral-ceramic tip to the shank
gested by V. I. Krotov, a cold tip is placed in the shank recess.
tools are brazed, & sheet of red copper is olaced underncath the upper lip of
the shank recess. When facing tools are brazed, swell pieces of red copper
3-5 millimeters in diameter are placed in the open shank recess. The tip &nd
the red copper are then sprinkled with dehydrated borax and the tool /with in-
serted tipﬁpgs put in a cylindrical coil inductor (inner dismeter of $0 milli-

meters for cutting tools from 16 x 25 to 20 x 30 millimetere in cross section)
of a high-frequency-current unit.

» Sug-
ihen turning

-9 -
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For even ana gradual heating, the tool is inserted in
head of the tool overhangs the inductor.
the tip, is 1in the zone of magnetic flux.
metal to the brezing areca. After the brazi
degrees {bright cherry red), the tip of the

zone of the magnetic flux, care being taken that the brazing area does not be-
come heated unevenly, until the brazing area

is at about the center of the in-
ductor. The heating of the tool head and melting of the braze take place in
55-60 seconds; in other words, the temperature increases at the rate of 20 de-
grees per second.

such a way that the
The tool shank, therefore » and not
Heat 1s conducted throuyh the shank
ng area reaches a temperature of 800
tool is graduslly brought into the

After the tool ig removed from the inductor, the tip is adjusted in the
shank recess and the tool is placed under a hand press vhich, by Pressing on
the upper 1ip of the recess, exerts light pressure on the tip against the sup-
porting surface of the shank recess. With facing tools, pressure is exerted
simultaneously on Ehe lip a.bovg7 the open part of the recess to give the tip
additional support. The tool is plecel in an oren box and cooled slowly.

The quality of cutting tools brazed Y this rethed is adequate.
of the tip has not been observed either after braz
ation. @i’etches of turning tool, facing tool
source, available in CIA_.](’()

Rupture
ing and grinding or in oper-

s inductor, and hand press aié_ﬁ]
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